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(57) ABSTRACT

The present invention discloses an inductive element formed
by through silicon via interconnections. The inductive ele-
ment formed by means of the special through silicon via
interconnection by using through silicon via technology fea-
tures advantages such as high inductance and density. More-
over, the through silicon via interconnection integrated pro-
cess forming the inductive element is compatible with the
ordinary through silicon interconnection integrated process
without any other steps, thus making the process simple and
steady. The inductive element using the present invention is
applicable to the through silicon via package manufacturing
of various chips, especially the package manufacturing of
power control chips and radio-frequency chips.
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METHOD OF FORMING AN INTEGRATED
INDUCTOR BY DRY ETCHING AND METAL
FILLING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of Ser. No.
13/392,208 filed on Feb. 24, 2012, which is the National
Stage of PCT/CN2011/000871 filed on May 19, 2011, which
claims priority under 35 U.S.C. *119 of People’s Republic of
China Application No. 201010179375.0 filed on May 20,
2010, the disclosure of all of these applications are incorpo-
rated by reference. The international application under PCT
article 21(2) was not published in English.

TECHNICAL FIELD

The present invention belongs to the technical field of
highly integrated packaging technology, and relates to an
integrated packaging technology using through silicon vias,
and especially to an inductive loop formed by through silicon
vias.

DESCRIPTION OF THE RELATED ART

Currently, three-dimensional packaging technology has
been developed such as the through silicon via (TSV) inter-
connection packaging technology at the wafer level from the
stacked die packaging or package on package at chip level.

Through silicon via is such a technology that, through
making vertical vias between the silicon wafers and forming
interconnection micro-joints on the front and back of the
silicon wafers, several silicon wafers can be stacked directly
without external lead wire interconnections. Through silicon
via technology can be classified into two kinds, via first and
via last. Via first is a technology where interconnection via are
formed on the silicon wafers before finishing manufacturing
the integrated circuit, wherein the through silicon via inter-
connection can be formed both at the primary steps of chip
manufacturing and before BEOL (Back-end of Line). While
via last is a technology where through silicon vias are inter-
connected after BEOL or finishing manufacturing the inte-
grated circuit. The filling materials in the through silicon via
include an insulation layer and a metal layer or highly-doped
polycrystalline silicon used for electricity conduction. In
order to decrease interconnection resistance and improve the
working frequency of the chip, in the through silicon via
three-dimensional package with multiple sensing systems, it
is more preferable to use copper as the through silicon via
interconnection metal. Different from the previous IC pack-
age bonding or the stacking technology using bumps, through
silicon via interconnection technology can maximize the
stacking density and minimize the external dimensions of the
chip in three-dimensional direction, and improve the speed
and performance of low power consumption greatly.

The integrated circuit made of silicon has a wide applica-
tion prospect in the radio-frequency circuit field. The radio-
frequency inductive element has an indispensable effect on
the requirements of portable wireless communication equip-
ment in low power voltage, power consumption, power dis-
sipation, distortion and high working frequency, etc. How-
ever, seen from the silicon integrated circuit process of
current standards, the inductive element is very difficult to be
integrated or has very low inductance if integrated.

BRIEF SUMMARY OF THE INVENTION

With respect to the problems above, the present invention
aims at providing an inductive element used in silicon inte-
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grated circuits, wherein the inductive element is easy to be
integrated in chips and has a high inductance.

To achieve the above purpose, the present invention pro-
vides an inductive loop used to form through silicon via
interconnections, comprising:

A semiconductor substrate;

Two or more (more than two) silicon wafers with finished
through silicon via structures;

Interconnection joints formed on the front and back of the
silicon wafers;

An inductive element formed on the semiconductor sub-
strate, which is used to stack and interconnect the silicon
wafers.

The semiconductor substrate is made of monocrystalline or
polycrystalline silicon or silicon on insulators (SOI). The
through silicon via structures of the silicon wafers comprises
atleast a conductive layer and an insulation layer isolating the
conductive layer from the through silicon via surface. The
insulation layer is made of silicon dioxide, or silicon nitride or
the insulation substance of their combination. The conductive
layer is made of aluminium, or copper or doped polycrystal-
line silicon.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is the cross sectional view of an inductive element
formed by interconnecting the through silicon vias by means
of through silicon via technology of the present invention.

FIG. 2 is the top view of an embodiment integrating an
inductive element with a analog or logic circuit of the present
invention.

FIG. 3 is the schematic view when an inductive element
works according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An exemplary embodiment of the present invention is fur-
ther detailed herein by referring to the drawings. The refer-
ence drawings are the schematic diagrams of the ideal
embodiments of the present invention. The embodiments
below are for description only rather than restricting the
present invention.

Provide a semiconductor and several silicon wafers with
through silicon vias and finished interconnection joints. In the
embodiment, five silicon wafers with through silicon vias
structure and finished interconnection joints are provided.

Next, stack and interconnect the five silicon wafers alter-
natively on the semiconductor substrate, as shown in FIG. 1,
the semiconductor substrate 100 can be monocrystalline or
polycrystalline silicon or silicon on insulators (SOI). 101,
102,103, 104 and 105 are the five silicon wafers with through
silicon vias and interconnection joints finished in the embodi-
ment. 106 is the metal conductor after the through silicon via
interconnection, wherein the metal conductor 106 comprises
a conductive layer and an insulation layer isolating the con-
ductive layer from the through silicon via surface. a and b are
two measurement nodes introduced in the embodiment.

The inductive element provided by the present invention,
which is used to form through silicon via interconnections, is
compatible with simulation or logic circuits. FIG. 2 is the top
view when integrating the inductive element provided by the
embodiment of the present invention with a simulation or
logic circuit. As shown in FIG. 2, 200 is a semiconductor
substrate made of monocrystalline or polycrystalline silicon,
wherein 201 is logic or simulation circuit, 203 is the inter-
connection metal conductor between measurement nodes a



US 9,263,351 B2

3

and b, which can be made of aluminium or copper, and 204 is
the interconnection metal conductor between measurements
¢ and d, which can be made of aluminium or copper.

FIG. 3 is the schematic diagram when the inductive ele-
ment provided by the embodiment of the present invention,
wherein 301 and 302 are the interconnection metal conduc-
tors between measurement nodes a, b and c, d respectively.
Connecting the measurement nodes a, b, ¢ and d in different
schemes, inductive elements with different inductances can
be made. Two connection schemes are provided in the
embodiment.

Scheme 1: applying a specific current between measure-
ment nodes ¢ and d, the current flows through the metal
conductor 302 and forms an electromagnetic field around the
metal conductor 302, thus the metal conductor 301 between
measurement nodes a and b is an inductive element.

Scheme 2: connect measurement nodes ¢ and d in a short
circuit method, and then the metal conductor 302 can form a
closed loop to be an inductive element capable of forming
mutual inductance with the inductive element formed by the
metal conductor 301.

As described above, there are many significantly different
embodiments without deviating from the spirit and scope of
the present invention. It shall be understood that the present
invention are not limited to the specific embodiments
described in the Specification except those limited by the
Claims herein.

INDUSTRIAL APPLICABILITY

The inductive element formed by means of the special
through silicon via interconnection by using through silicon
via technology features advantages such as high inductance
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and density. Moreover, the through silicon via interconnec-
tion integrated process forming the inductive element is com-
patible with ordinary through silicon interconnection inte-
grated process without any other steps, thus making the
process simple and steady. The inductive element of the
present invention is applicable to the through silicon via inter-
connection package manufacturing of various chips, espe-
cially the package manufacturing of power control chip and
radio-frequency chip.

The invention claimed is:

1. A process for creating an inductive loop comprising:

a) connecting a first set of measurement nodes in a short

circuit method;

b) forming a closed loop around a metal conductor to form

an inductive element;

¢) forming mutual inductance with said inductive element

being formed by said metal conductor.

2. The process as in claim 1, wherein said step of forming
an inductive element comprises providing at least one semi-
conductor.

3. The process as in claim 1, wherein said step of providing
at least one semiconductor comprises:

stacking and interconnecting a plurality of silicon wafers

alternatively on a semiconductor substrate.

4. The process as in claim 3, wherein said step of providing
at least one semiconductor comprises providing at least one
monocrystalline silicon or monocrystalline silicon on an
insulator.

5. The process as in claim 1, wherein said step of providing
at least one semiconductor comprises providing at least one
polycrystalline silicon or polycrystalline silicon on an insu-
lator.



